End Stage Renal Disease (ESRD) patients have been found to exhibit high prevalence of Atrial Fibrillation (AF), which demonstrates the possibility of a relationship of causality between the two conditions. The increased risk of stroke and mortality among ESRD patients with AF has also prompted a desire to understand the exact linkages between these different conditions.
Introduction
Chronic Kidney Disease (CKD) is considered one of the most debilitating illnesses that humanity can endure. Its negative prognosis does little to inspire confidence among the sick, seeing as the only two possible solutions are a kidney transplant or periodical dialysis. In addition to this, the widespread prevalence of Atrial Fibrillation (AF) among patients in the latter stages of CKD has drawn significant attention to the importance of understanding the relationships, if any, that exist between AF and the latter stages of CKD (End Stage Renal Disease, commonly referred to as ESRD). This paper seeks to understand the existing relationship between ESRD and AF, as well as the incidence and prevalence of AF in ESRD patients. This paper hopes to show that the prevalence and incidence of AF in ESRD patients is higher than in the general population, and that it is associated with an increased risk of stroke and mortality.
AF in ESRD Patients

Linkages between AF and ESRD
Atrial Fibrillation has been found to be a leading condition in ESRD patients, and one that has particularly had significant contribution to the detrimental health that many ESRD patients suffer [1] . As a comorbidity, AF has been a leading cause of death among ESRD patients, and especially so through its ability to cause stroke and eventual death. In the vast majority of patients those suffer from ESRD, the presence of Chronic Kidney Disease (CKD) has also been established, causing many of these patients to rely heavily on dialysis as a result of their kidney failure [2] . It is worth noting that in the limited amount of literature that attempts to understand the links between AF, ESRD, and mortality among CKD patients, there have been some strong similarities [3] . First, almost all patients suffering from CKD who had managed to reach the end stages of the disease, AF was prevalent [4] , which greatly interfered with the ability of the heart to perform its normal functions as required [5] . Secondly, the literature has also established that a significant percentage of individuals Case Report
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Stroke Probability and AF
Nonetheless, the probability of suffering from strokes among ESRD patients, and particularly in those patients that also suffered from AF was five times higher than it was in patients with ESRD, but without AF [3] . This complexity of data shed very little light on the probability of ischemic strokes occurring among the general population that neither suffered from ESRD nor AF. The complexity of AF conditions was also considered in the literature examined, and it was established that in order to ascertain the exact linkages between AF and ESRD in patients, the studies had to be adjusted to accommodate from demographic factors, blood pressure, the modality of dialysis applied to ESRD patients (whether peritoneal or hemodialysis) [7] , comorbidities within said patients, as well as the various cardio-protective medications that patients were taking [1] . The literature establishes that indeed these factors play a significant role in understanding AF and ESRD, and the linkages that they share [3] . Of particular regard were factors such as age, the modality of dialysis used, and blood pressure [5] , which greatly impacted the likelihood of mortality among ESRD patients suffering from AF as well.
Anticoagulation Agents and AF
The efficacy of anticoagulation as a therapeutic intervention in ESRD and AF patients draws significant debate from various authors with differing views on the literature. The use of anti-coagulants and anti-platelet agents was critically discussed by many authors as a possible remedy to ischemic strokes associated to ESRD and AF in patients [8] . However, the research firmly establishes that the linkages between the use of anti-coagulant and anti-platelet agents does very little to prevent ischemic strokes, which essentially renders drugs such as warfarin inconsequential in the fight against AF and ESRD related ischemic strokes [9] . This is in spite of the fact that some research had firmly suggested warfarin was effective in preventing ischemic strokes among ESRD patients who also suffered from AF [10] . However, the studies investigating the use of warfarin as a possible remedy failed to account for comorbidities, other medical conditions, demographics, and the dialysis modalities employed in the sample populations [11] , thus casting doubts on the validity of the studies.
Apixaban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation (ARISTOTLE) Trial included patients with CrCl<30 ml/min and excluded those with CrCl<25 ml/min and showed that the rate of major bleeding was 2.13% per year with apixaban versus 3.09% per year with warfarin. Extracranial hemorrhage and death within 30 days was lower with apixaban than warfarin and at same time ischemic stroke was less likely with apixaban than aspirin without increased risk of bleeding as shown in AVERROES Trial (Apixaban Versus Acetylsalicylic Acid to Prevent Stroke in Atrial Fibrillation). In CKD on Dialysis patients there is variable warfarin responsiveness with extreme and rapid volume changes due to redistribution of body fluids. Also advanced CKD patients commonly have vitamin K deficiency and maintaining therapeutic INR might be a challenge. To date, randomized controlled trials assessing the efficacy and safety of warfarin in atrial fibrillation have systematically excluded patients with late stage CKD and those requiring RRT. As such, the entire evidence is based on observational studies [12] . A recent systematic review and metaanalysis of observational studies of warfarin and atrial fibrillation in CKD/ESRD included 13 publications from 11 cohorts. In patients with atrial fibrillation and ESRD, warfarin did not decrease the risk of stroke or death but was associated with a higher risk of major bleeding [13] . Warfarin is also associated with glomerular hemorrhage and anticoagulant associated nephropathy seen in CKD and may accelerate CKD progression. Calcific Uremic Arteriopathy is characterized by medial calcifications of arteries leading to painful, ulcerative skin lesions and is also associated with warfarin therapy. Matrix GLA protein is an inhibitor of calcification in the arterial wall whose activity is inhibited by warfarin [14] .
Heart Conditions and AF
In addition to this, the roles of other heart diseases and left atrial dilation in facilitating AF have also been investigated. The studies firmly establish that in patients that have a long history of hemodialysis, left atrial dilation is highly probable, which inadvertently facilitates the onset of arrhythmia within patients suffering from ESRD [15] . However, there were no linkages of any sort established between both hypertension and diabetes and said arrhythmia. This factor has been identified as a determinant of mortality among a significant percentage of AF patients who also suffer from ESRD [3] . Due to this, there has been ongoing debate regarding the management of AF, and in particular among patients that also suffer from ESRD, seeing as they are considered a significant at-risk population [15] . Uremia is associated with structural abnormalities of the heart, including hypertrophy of cardiomyocytes, interstitial fibrosis, and vascular changes (thickened arteriolar walls) and the extent of fibrosis is significantly correlated with AF presence, severity, and duration. Chronic inflammation in the atrial myocardium is likely to play an important role in this process [16] . With Peritoneal Dialysis there is better preservation of renal function, more hemodynamic stability, higher hemoglobin concentration with less left ventricular hypertrophy and improved survival, thus one would assume that there is lesser risk of incident atrial fibrillation in PD than HD [17] . The ability of AF and ESRD to facilitate ischemic strokes, and in particular cardioembolic strokes, is unquestionable, and more so in certain patient groups. For this reason, increased management of AF among ESRD patients continues to be recommended as a solution to reducing strokes and mortalities that result from AF and ESRD in CKD patients.
Risk of Stroke and Mortality
Stroke Probability and ESRD Patients
While AF has been found to be highly likely among ESRD patients, the possibility of said patients suffering from stroke continues to solicit much discussion and debate due to the limited scope of data, from which researchers have to dig for relationships. This has also generated much interest due to the differences that exist between
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Copyright  Palabindala V stroke likelihood in ESRD patients with AF, and those that do not ("Independent predictors of stroke in patients with atrial fibrillation: A systematic review", 2007) [18] . There have also been spirited efforts to understand the role that age plays in the probability of stroke in ESRD patients. While age has been consistently observed as a factor facilitating ESRD and stroke from the perspective of the aging, Hung et al. observed that age can also be observed from the perspective of the young. In their study, they firmly establish that young males aged between 25 and 44 were at great risk of developing ESRD later n in their lives if they had already suffered a stroke [19] . This study essentially established that the relationship between ESRD and stroke was not only based on the fact that ESRD patients were likely to suffer strokes, but also that young stroke patients had significant chances of suffering from ESRD in their later years [9] . This finding demands a more in-depth understanding of the relationship between ESRD and stroke, seeing as it now appears that either can be a causative factor for the other. This relationship can be likened to a chemical redox reaction, where in this case, ESRD can cause strokes and vice versa. Hung et al. also established that renal functionality in stroke patients was a viable topic for further research, to facilitate a proper understanding of this relationship [19] .
In a different study, Wang et al. established that in ESRD patients, the modality of dialysis that patients were subjected to have significant ramifications of the probability of stroke [20] . They concluded that patients being subjected to dialysis modality of Peritoneal nature (PD) exhibited a lesser likelihood of developing strokes of the hemorrhagic kind compared to patients undergoing Hemodialysis (HD) [7, 9] . To control their study, they compared this sample's results to those of the general population. The comparisons firmly asserted that both HD and PD patients were more likely to develop ischemic and hemorrhagic strokes compared to the general population [9] . However, after adjusting their study to facilitate all comorbidities and confounders, they also established that differences in the likelihood of both PD and HD patients suffering ischemic strokes were insignificant. As such, according to Drew & Sarnak the relationship between hemorrhagic stroke and ESRD demanded further insights to ascertain the factors that facilitate increased likelihood of HD patients suffering from hemorrhagic strokes [9] . In their study, the sample populations under study were all undergoing long-term dialysis maintenance.
The Risk of Ischemic stroke is higher with CKD patients on dialysis than the general population due to multiple coexisting comorbidities. CHA2DS2-VASc score was derived from non-renal patients and may not be valid in advanced CKD or CKD on dialysis. ATRIA risk score (anemia, severe renal diseases, age ≥75 years, prior bleeding and hypertension) derived from 9186 subjects and included patients with GFR <30mL/min. Patients with a GFR <30 mL/min exhibited a significantly (4.3-fold) increased risk of major hemorrhage.
Core Considerations in Assessing Stroke Probability in ESRD Patients
One of the most important considerations for assessing stroke probability is age. In many of the studies conducted regarding ESRD, AF and stroke probabilities, the majority of participants were ESRD patients, many of whom were well past the age of 50, with the majority being around 60 years old. One of the commonalities drawn from the various samples was the early onset of CKD, which had gradually taken its toll on the patients, with almost all of them suffering from ESRD [6] . However, several studies have also been conducted on the risk of ESRD among young populations, and the results showed very little differences between the old and the young ESRD patients in terms of incidence, prevalence, and the probability of stroke and mortality. This enigmatic finding can be attributed to the two-way relationship that ESRD and stroke probability share. Consequently, it is fundamental that age as a factor is always considered is assessing stroke probability in ESRD patients [21] . It allows researchers to identify common factors that facilitate either ESRD or stroke, and identify how they are related to age. In this way concrete deductions on the relationship between ESRD, AF, stroke, and age can be determined.
Comorbidities are also significant considerations in the attempt to understand stroke probability and its relationship to AF and ESRD. In a significant number of the studies that were assessed, adjustment was made to the findings to accommodate for any comorbidities that may have resulted in stroke or mortality that were not related to AF and ESRD. One of the common factors adjusted for was diabetes [22] . In a large population of the samples across different studies, ESRD, AF and stroke patients also had diabetes [23] . In the vast majority, however, the onset of diabetes had been before the patients suffered ESRD, but not always before they suffered from AF. Hyperlipidemia and gout were also identified as some of the core comorbidities within ESRD and AF patients [22] . Within populations that were below 50 years of age, these comorbidities were linked with a high likelihood of suffering ischemic or hemorrhagic strokes [22] .
Mortality: Causes and Likelihood in ESRD Patients
While there may exist a host of mortality causes in ESRD patients, the leading one remains kidney failure. For the vast majority of patients suffering from AF and ESRD, eventual kidney failure played a core role in the direction that their healthcare took [5] . Seeing as kidney transplants are often complicated by the need to find a proper match, many patients resort to dialysis as a form of managing their ESRD [3] . The engagement of many ESRD patients in long-term dialysis has been found to significantly contribute towards the onset of stroke, as well as the development of treatment complications that resulted in mortality. This ascertains the role that kidney failure plays in ESRD patients with AF insofar as mortality is the subject matter of discussion.
In addition to kidney failure, other comorbidities such as diabetes, hyperlipidemia, gout, and high blood pressure were also identified as causative factors of mortality among AF and ESRD patients. Moreover, complications associated with thromboprophylaxis and anticoagulation and antiplatelet therapy [8] also resulted in mortality among ESRD patients also suffering from AF. This vast spread of comorbidities significantly impairs the ability for researchers to draw conclusive assertions regarding the impact of AF, on its own, on ESRD patients [24] . The fact that medication also has to be factored into the assessment further complicates this process. This is essentially because many AF and ESRD patients are on long-term medication, most of which are aimed at managing the prevalent comorbidities that they are exposed to. As such, it becomes difficult for research to establish finite linkages between AF, ESRD, and mortality, without having to include comorbidities and medications within the same assessment [5] . In terms of mortality likelihood, the small data pool
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Copyright  Palabindala V to which researchers are disposed presents very minimal information on mortality among ESRD patients that also suffer from AF, and the causative factors of said mortality [5] . This vagueness and absence of sufficient data makes it virtually impossible to draw conclusive positions regarding the likelihood of mortality among ESRD patients with AF. This area should be greatly considered for further research, which would allow linkages between ESRD, AF, and mortality (devoid of all other comorbidities) to be established.
Comparisons of AF Prevalence between ESRD Patients and the General Population
Causative Factors
One of the leading causative factors of AF prevalence among ESRD patients is the kidney failure from which ESRD patients suffer. This kidney failure has been established as having significant impact on overall health, the worsening of comorbidities and the onset of AF among ESRD patients [21] . In addition to said kidney failure, other comorbidities such as high blood pressure have been found to greatly facilitate the onset of AF among ESRD patients, which, in turn, facilitates stroke development and eventual mortality among patients.
AF is found to have greater prevalence in ESRD patients, and especially so when the general population is used as a measure. This subsequently results in greater rates of AF-associated comorbidities, as well as AF-associated mortality among ESRD patients [25] . Within the general population, the development of AF is in itself significantly rare, and the absence of sufficient data on the general population and ERSD prevalence limits the scope from which conclusions can be drawn.
Impact on Stroke Probability and Mortality Rates
While it has been established that stroke probability in AF patients that suffer from ESRD is considerably higher than in patients within the general population that do not suffer from ESRD, there still needs to be more research into the matter [24] . The lack of clearly defined correlations and causative factors between stroke probability and AF in the general population calls for more in-depth research. Consequently, in order to critically understand stroke probability in AF patients, considerable data on the general population must be collected and compared with the existent data on ESRD patients [26] . In this way, accurate comparisons can be drawn regarding stroke probability and AF prevalence in ERSD patients and the general population. This insight will also help to shed light on mortality.
Conclusion
The relationship between AF and ESRD has been found to be cyclic in nature, with either one being very possible of causing the other. Among ESRD patients, however, the prevalence and incidence of AF has been found to be much higher than it is in the overall populace. This conclusion is based on the extensive data on AF in ESRD patients that allows for a proper analysis of prevalence compared to the less voluminous data available on AF incidence and prevalence in the general population. The occurrence of AF in ESRD patients has also been closely linked to increased stroke risk, both hemorrhagic and ischemic within ESRD patients. The limitations to extrapolating use of risk assessment scales for AF in ESRD and uncertainty of using traditional versus novel anticoagulation have also been discussed. Within the general population with AF, insufficient data on stroke and mortality risk make it impossible to draw conclusions on prevalence and incidence with the population. However, this paper establishes that indeed prevalence and incidence of AF in ESRD patients is much more established than within the overall populace. The paper also finds that it is linked to higher mortality and stroke risks in ESRD patients when compared against the overall populace.
